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[57] ABSTRACT 

The invention relates to the use of a time-of-flight mass 
spectrometer to analyze substance molecules which are 
ionized by laser absorption, particularly by matrix-assisted 
laser desorption (MALDI). In detail it relates to the process 
for improving mass resolution by the known method of 
delayed acceleration (sometimes called delayed extraction) 
of the ions, and devices for the performance of this method. 
The invention consists of using an optical device with 
gridless apertures for the acceleration of the ions and ref ex- 
cusing the ion beam divergence due to the lens effect of the 
apertures, by means of a lens arrangement in the drift region 
of the time-of-flight spectrometer. For laser light pulses, 
illumination, and observation, there are further lateral holes 
in the electrodes of the optical device. 
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METHOD OF IMPROVING MASS 
RESOLUTION IN TIME-OF-FLIGHT MASS 
SPECTROMETRY 

SUMMARY 5 

The invention relates to the use of a time-of-flight mass 
spectrometer to analyze substance molecules which are 
ionized by laser desorption, particularly by matrix-assisted 
laser desorption (MALDl). In detail it relates to the process ^ 
for improving mass resolution by the known method of 
delayed acceleration (sometimes called delayed extraction) 
of the ions, and devices for the performance of this method. 

The invention consists of using an optical device with 
gridless apertures for the acceleration of the ions and refo- 13 
cusing the ion beam divergence due to the lens effect of the 
apertures, by means of a lens arrangement in the drift region 
of the time-of-flight spectrometer. For laser light pulses, 
illumination, and observation, there are further lateral holes 
in the electrodes of the optical device. m 

PRIOR ART 

The usual method of time-of-flight mass spectrometry 
with ionization by laser-induced desorption consists of sub- 
jecting the sample support loaded with substance molecules 25 
to a constant high voltage of 6 to 30 kilovolts while facing 
a ground potential base electrode at a distance of about 10 
to 20 millimeters. A laser light pulse with a typical duration 
of about 4 nanoseconds which is focused on the sample 
surface generates ions of the substance molecules which 30 
leave the surface with a large spread of velocities and are 
immediately accelerated toward the base electrode through 
the electric field formed by the potential difference. Ions 
passing the base electrode through apertures enter the rela- 
tively long field- free drift section of the time-of-flight mass 35 
spectrometer, there flight time is measured at the end of the 
drift tube by an ion detector. 

For the ionization of large sample molecules using 
matrix-assisted laser desorption (MALDl) the large analyte 
substance molecules are deposited on the sample support in 40 
a layer of minute crystals of a low molecular weight matrix 
substance. The laser light pulse heats up very rapidly a small 
amount of matrix substance, gasifying analyte and matrix 
substances in situ. The very dense vapor cloud then expands 
in a quasi-explosive process. Inside the vapor cloud only a 45 
very small part of the molecules, of both the matrix and the 
large analyte substance molecules, is ionized. During vapor 
cloud expansion ionization of the large analyte substance 
molecules continues at the expense of smaller matrix ions, 
due to ion molecule reactions. The vapor cloud expanding 50 
into the vacuum not only accelerates the molecules and ions 
of the matrix substance through its adiabatic expansion, but 
also the molecules, and ions from the analyte substance 
through viscous entrainment. During the cloud expansion 
process the ions achieve average velocities of about 700 55 
meters per second; the velocities are largely independent of 
the mass of the ions, but have a large velocity spread which 
extends from about 200 to 2,000 meters per second. It can 
be assumed that the neutral molecules in the cloud also 
possess these velocities. The large spread of velocities with 60 
both types of laser-induced ionization — with and without 
matrix material — limits the mass resolution of the time-of- 
flight mass spectrometers. Even if high acceleration voltages 
are used which reduce the spread of initial velocities relative 
to the average velocity, the resolution of linear time-of-flight 65 
spectrometers is restricted to values in the order of R- 600 
m/Am. In addition to the above mentioned velocity distri- 
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bution of the ions, there is a spatial and temporal distribution 
for the generation of the ions by ion molecule reactions, so 
that even in time-of-flight mass spectrometers with energy- 
focusing reflectors the resolution is limited, because distri- 
butions of the start potentials and initial ion creation times 
cannot both be offset with a reflector simultaneously. 

The fundamental principle for an improvement in the 
mass resolving power under such conditions of velocity 
spread has been known for more than 40 years already. The 
method together with its theoretical principles and an experi- 
mental confirmation has been published in the article 

W. C. Wiley and I. H. McLaren. 'Time-of-Flight Mass 
Spectrometer with Improved Resolution", Rev. Scient. 
Instr. 26, 1150/1955 
The authors termed the method "time lag focusing". More 
recently it has been examined under various names (for 
example "delayed extraction" and "pulsed ion extraction") 
in scientific articles relating to MALDl ionization. 

Recent publications such as 

R. S. Brown and j. J. Lennon, "Mass Resolution Improve- 
ment by Incorporation of Pulsed Ion Extraction in a 
Matrix-Assisted Laser Desorption/tonization Linear 
Time-of-Flight Mass Spectrometer", Anal. Chem. 67, 
1998, (1995) 

or 

R. M. Whittal and L. Li, 'THigh-Resolution Matrix- 
Assisted Laser Desorption/Ionization in a Linear Time- 
of-Flight Mass Spectrometer", 67, 1950, (1995) 
may be regarded as the state of the art in current technology. 

The principle of the method of improving resolution is 
simple: the molecules and ions of the cloud are allowed to 
fly at first for a brief time in a drift region without any 
electrical acceleration. Faster molecules and ions thereby 
separate themselves farther from the sample support elec- 
trode than slow ones, and from the velocity distribution of 
the ions a location distribution results. Only then is the 
acceleration of the ions suddenly initiated through a homo- 
geneous acceleration field, i.e. with a linearly declining 
acceleration potential. The faster ions then have a larger 
distance from the sample support electrode, consequently, at 
the onset of the acceleration, they find themselves at a 
somewhat reduced acceleration potential, which results in a 
somewhat lower ultimate velocity for the drift section in the 
time-of-flight spectrometer than the ions which were ini- 
tially slower. With correct selection of the time lag for the 
start of acceleration the initially slower, but after accelera- 
tion faster ions catch up to the initially faster, but after 
acceleration slower ions, directly at the detector. Ions of 
equal mass are consequently focused, in first order, at the 
location of the detector with respect to their flight time. 

As a result, it is no longer important whether the ions have 
already formed during the laser light pulse, or after this 
event in the expanding cloud through ion-molecule 
reactions, as long as this formation takes place within the 
time before the acceleration potential is switched on. Since 
the velocity of the molecules is virtually unchanged by the 
ion-molecule reactions, those ions which were initially 
released as fast neutral molecules are also focused by this 
method. 

For reasons of good temporal resolution, time-of-flight 
spectrometers are operated at very high acceleration volt- 
ages of up to 30 kilovolts. The switching of such high 
voltages for extremely short times of only a few nanosec- 
onds is still almost unattainable even today and is associated 
with high costs. The authors of the 1955 article have already 
shown however that the total acceleration voltage need not 
be switched. Switching of a partial voltage suffices, requir- 
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ing an intermediate electrode in the acceleration path. Only 
the area between the sample support electrode and the 
intermediate electrode need initially be field-free and then 
switched over into an acceleration field after a delay. The 
authors of the most recent publications also use Intermediate 
electrodes. 

To switch on the acceleration, field, so far it has always 
been the potential of the sample support electrode which has 
been switched, and this was also the case with the authors of 
the two recent articles. As will be realised, the switching 
range is dependent on the distance between the intermediate 
electrode and the sample support because for the same 
acceleration field the voltage difference to be switched is the 
smaller, the smaller the electrode distance. 

The term "high" potential, or "high voltage" always 
refers, in this context, to a potential which repels the ions 
and therefore accelerates them towards the drift tube. It can 
be a positive potential if the ions are positive and the drift 
tube is on ground potential, or it may be a negative potential 
if the ions are negative. 20 

Because quick switching of the voltage is technically all 
the easier to manage and all the more cost-effective, the 
smaller the switchable voltage, it is advantageous to position 
the intermediate electrode as closely as possible in front of 
the sample support electrode. Nevertheless there is also a 25 
lower limit for this distance, since the fastest ions must 
always remain in the drift region during the delay. 

Since the fastest ions however only move at velocities of 
about 2,000 meters per second, and the delay according to 
the literature may only amount to about 1 microsecond at a 30 
maximum, the maximum flight path of the fastest ions 
during the field-free time lag is only about 2 millimeters. In 
practice, the distance of about 2 to 4 millimeters is selected 
between the intermediate electrode and the sample support 
electrode. 35 

An intermediate electrode at such a short distance from 
the sample support however impairs access for the focused 
laser light beam. Since it is also desirable, as already offered 
in commercial mass spectrometers, to observe the sample 
during analysis via a microscope aided by a television 40 
camera, access for a light beam for illumination and a clear 
view of the sample are also impaired. 

Prior art for this method consists in using a large area, 
very transparent, meshed metal grid as an intermediate 
electrode, at a distance of about 3 millimeters from the 45 
sample support electrode. The meshed grid generates a very 
homogeneous acceleration field in front of the sample sup- 
port electrode. The large area meshed grid allows the laser 
light pulse to also pass through this grid. Microscopic 
observation is also performed throught this meshed grid, 50 
Both the author groups of the most recent cited articles use 
this type of meshed grids for both the intermediate and the 
base electrode (see e.g. FIG. 1 in Brown and Lennon's 
article). 

This arrangement nevertheless has disadvantages. The 55 
laser light pulse liberates electrons from the meshed grid, the 
acceleration of which leads to interfering ions via impact 
with the residual gas. Observation suffers from considerable 
impairment of contrast, which is not very high anyway 
during this type of sample observation, due to a "curtain 60 
effect". The meshed grid can indeed be manufactured with 
good transparency, but even then however retains a portion 
of the ions. With more than one grid, the losses increase 
exponentially with the number of grids. Even with highly 
transparent grids of 80% transparency, only of the ions 65 
still remain with two grids. At the grid of the intermediate 
electrode secondary ions are liberated which are accelerated 
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in the field between the intermediate electrode and the base 
electrode, causing background noise. Another drawback 
results from the inhomogeneous fields inside the gridmeshs. 
These inhomogeneities cause small-angle scattering of the 
5 ions leading to diffuse expansion of the beam which can no 
longer be corrected by lenses. 

The purpose of striving for good mass resolution is not 
only to achieve good mass determination or attain state- 
ments regarding the presence of heteroatoms characteristic 
10 of an isotope by way of the visibly resolved isotopic pattern. 
A good mass resolution always provides an improved signal- 
to-noise ratio at the same time. In this way the analytic 
method becomes more sensitive and smaller substance 
amounts can be analyzed. Furthermore, a resolved isotope 
15 pattern can immediately tell the number of charges on the 
ions. 

OBJECTIVE OF THE INVENTION 

A method and a device for implementation of the known 
method is to be found for improving the resolution of 
time-of-flight mass spectrometers by delayed acceleration of 
the ions using desorption ion sources, which contain no 
disturbing grids and offer nevertheless good access for the 
laser light pulses. Also, as free access as possible should 
prevail for fllumination light and observation. 

DESOUFiTON OF THE INVENTION 

To this day many specialists in time-of-flight mass 
spectrometry, including those in manufacturers * develop- 
ment departments, are still sceptical about the introduction 
of gridless reflectors for ion velocity focusing, although the 
latter has long since been successful theory and practice. 
Indeed it contradicts the intuition that fringe ion beams 
which do not pass through the same potential distribution are 
again accurately temporally focused and thereby, in addition 
to an advantageous spatial focusing, also retain the property 
of velocity focusing. Up to very recently, the known pro- 
grams for calculating ion trajectories in arbitrary potential 
distributions did not contain any calculations, and particu- 
larly not any visual representations whatsoever for the 
temporal focusing of ions of the same mass, and it is only 
ever the spatial trajectories and spatial focal points which are 
represented. 

In principle the same applies to gridless ion source optical 
devices which are to be used for time-of-flight mass spec- 
trometry. Here too specialists generally resort to parallel 
grids, which are indeed capable of building up genuinely 
homogeneous fields. To date many specialists do not believe 
that a gridless optical device, with its inhomogeneous fields, 
can have the same good properties, or even better properties 
than an optical device made up of flush grids. All the authors 
of the articles cited above use grid type optical devices. 

It is therefore still surprising to the specialist that with a 
gridless optical device for the intermediate electrode and the 
base electrode it is still possible to realize the method of 
improving mass resolution by delayed acceleration with 
enormous success, despite of a large angle of aperture. With 
a circular aperture of 1 millimeter in diameter and at a 
distance of only 3 millimeters a mass resolving power in the 
order of m/Ani ei =R i ,=6000 can be achieved in a linear 
time-of-fiight mass spectrometer only 1.6 meters long. 
These are figures which represent 10 times the resolution of 
normal linear time-of-flight mass spectrometers and even 
surpass those of grid type optical devices. The resolution R fr 
relates, as usual, to the full width Arn^ at half maximum 
(FWHM). 
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However, these apertures in the intermediate electrode 
and base electrode act as a divergent leas, and their effect has 
to be compensated by an additional convergent lens. The 
convergent lens used can be a single Einzel lens. It should 
be located at the beginning of the field-free drift tube 
adjacent to the base electrode. 

The invention thus consists of using a desorption ion 
source with an intermediate electrode, whereby the inter- 
mediate electrode and the base electrode have gridless 


illumination light can be admitted. Other apertures permit 
observation. With an aperture diameter of 1 millimeter in the 
intermediate electrode, a solid strip of 0.2 millimeters adja- 
cent to the aperture, and a distance of 2.5 nuUlimeters 
between the intermediate electrode and the sample support 
electrode, angles of incidence can be realized which 
approach 16° relative to normal for the edging beams of 
incident light Angles of incidence for the central beams in 
the order of approx. 30° thus be easily achieved for the laser 


apertures for the passage of the ions, and compensating the 10 kg* 1 * ^ the observation. Such acute angles of admission are 

beam divergence resulting from the apertures by means of a regarded as favorable. For observation purposes this means 

lens arrangement in the drift region after the base electrode. better imaging of the sample surface. 

It is thereby apparent that circular apertures in the electrode The lateral apertures are best designed and arranged so as 
and lenses are particularly favorable. to be radially symmetrical so that no asymmetric potential 
To switch on the acceleration field, either the sample 13 distortion is generated. Symmetries with two, three or more 
support electrode potential or the intermediate electrode counts can be used. We prefer a four-count symmetry, 
potential can be switched over. The authors of both recent whereby two apertures which are at right angles to each 
articles switch over the sample support electrode potential. other are used for illumination light and observation. This 
Due to the electrical capacitance of the electrodes, which is arrangement avoids reflecting dazzle and enhances the con- 
generally very much higher for the sample support electrode 20 trast for observing the MALDI sample. Dazzle by the laser 


than for the intermediate electrode, it is nevertheless better 
to keep the sample support electrode constantly at the total 
acceleration potential and only switch over the intermediate 
electrode potential. This is set at the full acceleration poten- 
tial for the time of the ionization by the laser light pulse and 
is lowered after the time lag. which in practice only amounts 
to about 100 to 300 nanoseconds, by several kilovolts 
through sudden switching of the voltage. 

Optimization of resolution normally takes place by setting 
two parameters: the delay time for switching on and the 
acceleration field strength after switching on. For the 
MALDI ions, which all have roughly the same mean 
velocity, however, resolution can only be optimized for a 
single ion mass — for ions of different masses the optimum 
is at a slightly different combination of time lag and switch- 
ing voltage. 

In principle it is also possible to apply a weak field before 
switching. Then, before switching, there is no longer corn- 


light pulse can be avoided in a similar manner. 

However, the intermediate electrode does not necessarily 
have to be flush. It may advantageous to design the inter- 
mediate electrode in the form of a skimmer which contains 
the aperture for the passage of ions at its tip. Such an 
arrangement permits very small distances for the interme- 
diate electrode without affecting the admission of light. A 
radially symmetric dent which faces away from the sample 
support may also prove advantageous. Light can be admitted 
through wall apertures in the dent, without the apertures 
distorting the potential just in front of the sample support 
electrode. 

The optical resolution of the optical device for observa- 
tion depends on the ratio between the aperture of the object 
lens and the distance of the object lens from the sample 
surface. For a given object lens the distance must be as short 
as possible. Since the object lens cannot be accommodated 
in the acceleration path due to possible distortion of 


plete field-freedom in the space in front of the sample ^ potential, it is favorable to place the object lens in the drift 


support but a slight acceleration or deceleration field. Con- 
sequently the ions are already influenced by a slightly 
decelerating or slightly accelerating field before the accel- 
eration is switched on. With such a weak field before the 
delayed switch-on of the acceleration it is possible to 45 
achieve favorable effects. For example, the ambipolar accel- 
eration by the electrons can be suppressed, or the light 
matrix ions can be pushed back and thus discriminated. The 
i effect, however, is a movement of the matrix ions 


region directly behind the base electrode. An optimal 
arrangement places the object lens perpendicular to the ion 
beam axis, with a deflection of observation by a mirror. 

BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a schematic view of an ion source suitable for 
performing the method of the present invention. 

FIGS. 2a and 2b show the distribution of potentials of the 

,_ _ ^_ different components of the ion source before and after a 

through the cloud by ion mobility, thereby increasing the 50 ^termm^ ^ ^ respectively. 

FIG. 3 is a schematic view of the intermediate electrode 


number of ion-molecule collisions and mus the yield 
analyte ions. 

However, it is possible to use the method to improve mass 
resolution by delaying acceleration not only in linear time- 
of-fiigtat mass spectrometers. In ttme-of-flight mass spec- 55 
trometers with velocity focusing reflectors an improvement 
is also possible with the same method in principle but under 
completely different operating conditions, as described in 
detail in a co-pending patent application, identified by U.S. 
Patent Office Ser. No. 08/627370. The descriptive text of « 
mat patent application should be included at this point in 
full. Here too a gridless optical device has proved success- 
ful. 

It is a further idea of the invention to provide the inter- 


of the ion source arrangement of FIG. 1. 

FIG. 4 shows a mass spectrum for Angiotensin n using 
the method of the present invention. 

FIG. S shows a mass spectrum of ACTH using the method 
of the present invention. 

FIG. 6 shows a mass spectrum of Bovine insulin using the 
method of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows the ion source for the method of increasing 
mass resolution by delayed acceleration of the ions: 


mediate electrode and the base electrode not only with a 65 l=Electrically conductive sample support at constant high 


center aperture to allow passage of the ion beam but also 
with lateral apertures through which the laser light pulse and 


voltage potential 
^Intermediate electrode with switched potential 
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3=Base electrode at ground potential 

4, 6=External electrodes of the Einzel lens, both at ground 
potential 

S=Center electrode of the Einzel lens, at lens potential 
7=Focusing lens for the laser light pulse 
S=Beam of laser light pulse 
9=Sample application to the sample support 
l©=Gridless aperture in the intermediate electrode 
U^jridless aperture in the base electrode 
12=Ion beam, defocused by the apertures and focused by the 
lens 

13=Observation field of view 
14=Observatio n mirror 
15=Observation lens 

16=Ion beam in the flight tube of the time-of-rlight mass 
spectrometer. 

FIG. 2a shows the characteristic of potential from the 
sample support into the flight path for the time before 
switching, i.e. from the time of the laser light pulse up to the 
switching on of acceleration potential. 

FIG. 2b shows the potential characteristics after switching 
on acceleration voltage. 

FIG. 3 shows the intermediate electrode with the small, 
center aperture for the ion beam, and four larger, radially 
symmetrical apertures which can be used for laser light 
pulse, illumination light, and observation. 

FIGS. 4, 5 and 6 show three scans of substances with very 
different molecular masses, which also produce different 
mass resolutions. Angiotensin IE shows a resolution (R) of 
2,800, RCIU produces a mass resolution (R) of 3,700, and 
bovine insulin produces a resolution (R) of 6,000. All the 
scans were made with a linear time-of -flight spectrometer at 
a flight length of one meter. The resolutions correspond to 
about 10 times that of what can be achieved by delayed 
acceleration without increasing resolution. 
Particularly favorable embodiments 

A particularly favorable embodiment is shown schemati- 
cally in FIG. 1. The sample substance 9 is applied, together 
with a matrix substance in the form of a thin crystal layer, 
on the surface of a sample support 1. The sample support can 
be brought through a vacuum lock into the vacuum of me 
mass spectrometer and contact is automatically made with 
the high voltage feeder (not shown) there. The sample 
support can be moved in x-y direction using a moving 
device (not shown) parallel to its sample surface. In this way 
several samples 9 can be placed next to one another and 
analyzed one after another. 

The ion source consists of sample support 1, the inter- 
mediate electrode 2, the potential of which is connected 
according to this invention, and base electrode 3, which is at 
the potential of the flight tube. The flight tube (not shown) 
consists of the flight path of the time-of -flight spectrometer. 
It is generally at ground potential. At the beginning of the 
flight path, directly behind the base electrode, there is an 
Einzel lens which consists of front electrode 4, terminating 
electrode 6, both at the potential of the flight tube, and the 
.center electrode 5 at lens potential. To keep the lens voltage 
smaller for the same focusing effect, it has proved useful to 
make the center electrode thicker. Two center electrodes at 
the same potential can also be used. A more complex design 
of lenses with several potentials, or even an arrangement 
comprising several Einzel lenses is possible but it has not 
proved advantageous enough to justify the extra effort in 
terms of potential supply. 

According to this invention the intermediate electrode 2 
has a gridless, central, circular aperture 10, and the base 
electrode 3 has a centered, circular aperture 11. The accel- 
erated ion beam passes through these apertures. 
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For performing the method the following dimensions 
have proved successful: 

3 millimeters distance between sample support 1 and 
intermediate electrode 2; 

5 1 millimeter diameter for aperture 10 in the intermediate 
electrode 2; 

12 millimeters distance between intermediate electrode 
and base electrode; 
10 2 millimeters diameter for aperture 11 in the base elec- 
trode 3; 

8 millimeters distance between the base electrode and lens 
plate 4; 

4 millimeters distance between each of lens plates 4, 5 and 

15 6; 

5 millimeters diameter for the apertures in each of lens 
plates 4, 5 and 6; 

4 millimeters thickness for lens plate 5. 

At the beginning of the procedure, sample support 1 and 

20 intermediate electrode 2 are bom at the high acceleration 
potential of about 30 kilovolts. Baseplate 3 and the two lens 
plates 4 and 6 are at ground potential. The center electrode 
of the lens is at a previously optimized lens potential of 
about 10 to 15 kilovolts. The potential characteristic is 

25 shown in FIG. 2a. A slight improvement in the method can 
be achieved if the intermediate electrode is not located 
exactly at the high-voltage potential of the sample support 
but at a slightly different potential. 

The sample is now irradiated by a brief laser pulse of 

30 about 4 nanoseconds in duration. The laser light pulse is 
focused by lens 7 onto the sample surface, resulting in light 
beam 8. The laser light pulse stems from a laser (not shown). 
Low-cost nitrogen lasers which produce light at a wave- 
length of 337 nanometers have proved particularly success- 

35 fill. A favorable dosage is at values of about 50 microjoules. 
As has already been described above, a small amount of 
matrix and sample substance vaporizes, forming a cloud 
which explosively expands adiabatically into the surround- 
ing vacuum. Some ions from the sample analyte substance 

40 form during the vaporization process, others form later in the 
cloud due to ion-molecule reactions in which the ions from 
the matrix are involved. Acceleration of all the molecules is 
essentially generated by the adiabatic expansion of the cloud 
which essentially consists of molecules from the matrix 

45 substance. The heavier molecules and ions from the sample 
substance are accelerated within the exploding cloud due to 
viscous entrainment, and therefore all the molecules and 
ions have about the same velocity distribution, ranging from 
about 200 to 2,000 meters per second, with a maximum at 

50 about 700 meters per second. The cloud plasma is first 
neutral, since positive as well as negative ions, as well as 
some electrons, are present. Since the electrons quickly 
escape from the plasma, a slightly ambipolar acceleration of 
fringe ions takes place in the fringe areas which the escaping 

55 electrons generate between themselves and the remaining 
plasma. This effect is however minimal. 

The process of the adiabatic expansion of the cloud lasts 
only about 30 to 100 nanoseconds, depending on the density 
of the cloud. After this time, all contact between the mol- 

60 ecules is lost due to the thinning of the cloud, and further 
acceleration no longer takes place. The velocity distribution 
is thereby frozen and there are no more ion-molecule 
reactions. 

After a selectable time lag, the potential of the interme- 
65 diate electrode is switched down to a new potential depen- 
dent on time lag, as shown in FIG. 2b. We use a potential 
supply which can be switched with a delay of 100 to 300 
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nanoseconds at a potential range of up to 8 kilovolts with a 
switching speed of 8 nanoseconds for the potential. Favor- 
able values for raising resolution are at approx. 120 nano- 
seconds and switching ranges of 5 kilovolts. 

Until acceleration is switched on, the fast ions have flown 5 
further away from the sample support than the slow ones. 
When acceleration is switched on they are therefore at a 
lower potential and are no longer given the full acceleration 
by the high voltage. As already described above, this effect 
leads to a temporal focusing of ions of the same mass in a 10 
focus plane, the position of which can be set by time lag and 
acceleration field. If the location is accurately set to the ion 
detector, all the ions of the same mass arrive there simulta- 
neously despite different velocities inside the cloud and this 
therefore produces the desirable increase in mass resolution. u 

As already indicated above, the potential of the interme- 
diate diaphragm does not necessarily have to be exactly at 
the high-voltage level of the sample support when the cloud 
is generated. It may be more favorable to have a weak field 
here. With slightly different potentials the penetration of the 20 
strong field between the intermediate electrode and the base 
electrode can be minimized, or the analyte ion yield can be 
maximized. Certain other desirable effects can be generated 
by small fields in the space between the sample support and 
the intermediate electrode. In this way the above-mentioned 25 
ambipolar acceleration can be avoided by the escaping 
electrons. Or the light matrix ions can be discriminated from 
the heavier ones by pushing them back, thereby also increas- 
ing the yield of analyte ions. When switching over to the 
measurement of negative ions it has proved favorable to 30 
reoptimize this weak field. 

In commercially available MALDI mass spectrometers it 
has now become possible to observe the sample on the 
sample support microscopically. The equipment for this is 
indicated in FIG. 1. It consists of a video earner a (not shown) 35 
and a microscope, of which only object lens 15 is shown 
schematically. A mirror 14 directs observation at the sample. 
The illumination light (not shown) comes from the side. 

For admitting a laser light pulse and illumination light and 


for observation purposes there are other apertures in the 40 by a microscope. 


providing a gridless ion source including: a sample sup- 
port electrode; an intermediate electrode substantially 
parallel to the sample support electrode, the interme- 
diate electrode having a gridless central aperture 
through which the ion beam may pass and an adjacent 
lateral aperture through which laser light may pass; and 
a base electrode substantially parallel to the interme- 
diate electrode and having a gridless aperture through 
which the ion beam may pass; 

locating an analyte substance on the support sample 
electrode; 

vaporizing and ionizing a portion of the analyte substance 
with laser energy directed through the lateral aperture 
of the intermediate electrode; 

applying a first set of predetermined voltages to the 
electrodes such that, immediately following said vapor- 
izing and ionizing, a substantially field free region 
exists between the sample support electrode and the 
mtermediate electrode, and a strong acceleration field 
exists in the region between the intermediate electrode 
and the base electrode; 

applying a second set of predetermined voltages to the 
electrodes after said first set such that, a predetermined 
amount of time after said vaporizing and ionizing, a 
strong acceleration field exists between the sample 
support electrode and the intermediate electrode; and 

focusing the ion beam after its passage through the 
apertures with an electrostatic lens arrangement. 

2. A method according to claim 1 wherein locating an 
analyte substance on the support sample electrode comprises 
locating the analyte substance on the support together with 
a matrix substance such that the step of vaporizing and 
ionizing a portion of the analyte substance comprises matrix 
assisted laser desorption and ionization (MALDI). 

3. A method according to claim 1 further comprising 
providing additional apertures in the intermediate electrode 
to allow the sample surface to be iHuminated and observed 


intermediate electrode in addition to the center aperture 10 
for the ion beam. Depending on the angle of these beams 
mere are also similar apertures in the base plate. However, 
grids can also be used which admit laser light and illumi- 
nation light* penmtting observation. It is particularly favor- 
able to use two apertures at right angles to one another for 
iUuinination and observation in order to avoid reflections of 
light at the sample support plate into the microscope and to 
increase contrast. 


4. A method according to claim 1 wherein applying a 
second set of predetermined voltages to the electrodes 
comprises switching the voltage potential of the intermedi- 
ate electrode to create the delayed switching on of the 

45 acceleration field strength. 

5. A method according to claim 4 further comprising 
providing a fixed potential supply for the sample support 
electrode and an adjustable, switchable potential supply for 
the intermediate electrode, which permits a higher potential 


The example given here of an ion source and a method 50 than that of the sample support electrode. 


according to this invention may naturally be varied in many 
ways. The specialist in the development of mass 
spectrometers, especially in the development of desorption 
ion sources;, can easily implement these variations. FIGS. 4 
to 6 show measurements of mass spectra with MALDI 55 
methods, which were scanned using delayed acceleration. 
The linear time -of -flight spectrometer has a length of about 
one meter. 
We claim: 

1. A method for generating a parallel ion beam for use in 60 ion reflector, 
an analysis of analyte substances in a time-of-fiight mass 
spectrometer, the method comprising: 


6. A method according to claim 1 wherein providing a 
gridless ion source further comprises providing gridless 
apertures in the intermediate and base electrodes which are 
circular. 

7. A method according to claim 1 wherein providing a 
gridless ion source comprises arranging the lateral apertures 
in a radially symmetric manner. 

8. A method according to claim 1 further comprising 
providing the time-of-fiight spectrometer with at least one 


